Left ventricular end-diastolic pressure and left ventricular stroke work were measured during a 10-min period of atrial pacing in 10 nolral subjects and 30 patients with coronary artery disease. The normal subjects and the patients with coronary artery disease who did not The left ventricular stroke work index in g-M/M2 was calculated using the formula: LVSWI = SI x (BAm -LVEDP) X 13.6 where SI = stroke index in mI/M2; BAm = brachial artery mean pressure in mm Hg, and LVEDP= left ventricular end-diastolic pressure in mm Hg. A modified tension-time index was calculated as the product of peak left ventricular systolic pressure and heart rate. This modification is based on the fact that peak systolic pressure is a more important determinant of myocardial oxygen consumption than the total area under the left ventricular systolic pressure curve.18 The maximum rate of rise of left ventricular pressure (dp/dt) was obtained by an electronic differentiator.t There are theoretical objections to measurement of dp/ dt using a fluid-filled catheter and external transducer but direct in vivo
The patients were brought to the laboratory the day prior to the study so they would be familiar with the surroundings and the nature of the procedure. Resting minute ventilation was recorded and a period of supine leg exercise carried out on a bicycle ergometer. This allowed us to observe the patient's response to stress and to estimate the pacing rate that would be required to produce angina. In general, the heart rate required to produce pain with atrial pacing was 20 beats/min more than that coincident with the onset of angina during exercise.
Patients were studied in the fasting state without premedication. Under local anesthesia the brachial artery and two veins were isolated in the right antecubital fossa. The tip of a no. 6 bipolar pacing catheter was placed either in the midportion of the coronary sinus or against the lateral wall of the right atrium. A no. 9 double lumen Cournand catheter was passed into the right heart so the tip lay in the pulmonary artery and the proximal lumen in the right ventricle. A no. 8 The left ventricular stroke work index in g-M/M2 was calculated using the formula: LVSWI = SI x (BAm -LVEDP) X 13.6 where SI = stroke index in mI/M2; BAm = brachial artery mean pressure in mm Hg, and LVEDP= left ventricular end-diastolic pressure in mm Hg. A modified tension-time index was calculated as the product of peak left ventricular systolic pressure and heart rate. This modification is based on the fact that peak systolic pressure is a more important determinant of myocardial oxygen consumption than the total area under the left ventricular systolic pressure curve. 18 The maximum rate of rise of left ventricular pressure (dp/dt) was obtained by an electronic differentiator.t There are theoretical objections to measurement of dp/ dt using a fluid-filled catheter and external transducer but direct in vivo 748 PARKER ET AL. Abbreviations: control = sinus rhythm; pace = atrial pacing; post-pace = immediately following pacing; BAm = brachial artery mean pressure; LVEDP = left ventricular end-diastolic pressure; PAm = pulmonary artery mean pressure; V02 = oxygen consumption (STPD); HR = heart rate; CI = cardiac index; SI = stroke index; SERI = systolic ejection rate index; LVSWI = left ventricular stroke work index; TTI = modified tension-time index; dp/dt = first derivative of left ventricular systolic pressure curve; pCO2 = partial pressure of carbon dioxide; PO2 = partial pressure of oxygen; sat = oxygen saturation. Values shown are means and standard deviations. Table 1 shows a summary of the control, pacing, and post-pacing hemodynamic data for all patients. Table 2 shows the significance of change in any measured parameter during the initial study period. The average heart rates were similar in each group during the control period. The pacing rate chosen for the group which developed angina varied from 125 to 160 and averaged 140. The average rate for the non-angina group was 140 and for the normal subjects 142. The cardiac index during the control period was similar in each group and did not change significantly during the period of pacing. Consequently the stroke index fell by approximately 45% in each group during the period of pacing. The mean brachial artery pressure was similar in the normal and non-angina groups during the control period. There was a small but significant rise in mean brachial artery pressure in the non-angina group during pacing, but no change in the normals. The mean brachial artery pressure in the angina group was 11 mm Hg higher than that in the normal subjects during the control period and rose during pacing from 101 to 119 mm Hg.
The left ventricular stroke work index fell during pacing by 40% in the normal group and by 31% and 33% in the angina and non-angina groups ( fig. 1 ).
There was no significant difference in left ventricular end-diastolic pressure during the control period among the three groups ( fig.  2 ). The mean value in each group was between 8 and 9 mm Hg although one patient in the angina group and one in the non-angina group exceeded normal (12 mm Hg). In the non-angina and normal groups, the mean left ventricular end-diastolic pressure showed an immediate decline at the onset of pacing from an average value of about 9 mm Hg to between 2 and 3 mm Hg where it remained for the duration of the pacing period ( fig. 3 ). In the angina group the initial fall in left ventricular end-diastolic pressure was less marked reaching 5 mm Hg in the early pacing period. This subsequently rose progressively throughout the period of pacing reaching an average of 9.5 mm Hg at the end of pacing. In four patients it exceeded normal. was not seen in the normal group. The 20 patients studied after administration of nitroglycerin consisted of six patients in the angina group, seven in the non-angina group, and seven normal subjects. During pacing after nitroglycerin, only one of the angina group developed pain. Table 3 shows the data from both study periods in these patients and table 4 shows the significance of change in any measured parameter during these studies. The pertinent observations are summarized in figures 6 to 8. The average values for heart rate, cardiac index, left ventricular enddiastolic pressure, and left ventricular stroke work index correspond closely in the three groups during the initial control period (control I) and before administration of nitroglycerin (control II). Following nitroglycerin (control NG) heart rate rose and cardiac index, systemic pressure, left ventricular end-diastolic pressure, and left ventricular stroke work index declined in each group, but these changes were not always of statistical significance. Following nitroglycerin there was a fall in left ventricular end-diastolic pressure of approximately 50% in all groups.
During pacing there was a further decline in left ventricular end-diastolic pressure in all groups to approximately 2 mm Hg. This is in The heart rates in each of the three groups during the study periods before and after administration of nitroglycerin. The control heart rates were similar in each of the three groups during both study periods. The heart rates increased after the administration of nitroglycerin, but the heart rates were similar during each period of pacing. cessation of pacing, the left ventricular enddiastolic pressure returns along the previously established curve. In the non-angina group, the control, pacing, and post-pacing points follow along this line previously described by the normal subjects. Results during the nitroglycerin studies support the concept that left ventricular function is depressed during myocardial ischemia and that the elevation of the postpacing left ventricular end-diastolic pressure is subsequent to decreased ventricular contractility resulting from myocardial ischemia. Five of the six patients of the angina group did not experience pain during pacing after nitroglycerin and displayed a relationship between left ventricular end-diastolic pressure and stroke work during control, pacing, and post-pacing periods similar to the normal and the nonangina groups ( fig. 10 ). The one patient who experienced angina during pacing despite the administration of nitroglycerin continued to show depression of ventricular funiction during the pacing and post-pacing periods. This return from a depressed ventricular function curve to a normal one by the administration of nitroglycerin indicates that abnormal left ventricular filling pressures during angina are not due to chronic alterations in ventricular compliance as previously suggested.7 These observations do not rule out temporary, reversible change in ventricular compliance during myocardial ischemia, but changes in ventricular perforiuance seem more likely.
